ABSTRACT
NOTICE: When government or other drawings, specifications or other data are used for any purpose other zhan in connection with a definitely related government procurement operation, the U. S. Government thereby incurs no responsibility, nor any obligation whatsoever; and the fact that the Government may have foiraulated, furnished, or in any way supplied the said drawings, specifications, or other data is not to be regarded by implication or otherwise as in any manner licensing the holder or any other person or corporation, or conveying any rights or permission to manufacture, use or sell any patented invention that may in any way be related thereto. Considerable research has been directed toward determining the intelligibility of the consonantal sounds of English. Very little has been done on the intelligibility of the English vowels, particularly at low intensities and relatively difficult signal-to-noise ratios.
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Knowledge of the intelligibility of the vowels at such levels should permit more effective use of the English language in the selection or formation of words for use in communication. Speach via telephone or radio, and the development of an International Language for Aviation Communication, are particular areas in which accuate transmission under less than perfect listening conditions is needed.
Further, the study of vowels is important in that they are the loudest parts of words. At low intensities or when consonants are masked by noise, ' the expectation is that the vowel or vowels might still be heard. Correct identification of the word might still occur. Consequently, the use of a word containing an intelligible vowel should be more satisfactory for communication than the use of the same consonantal structure with a less intelligible vowel. In this way, a possible "building block" approach might be employed in the construction of a vocabulary for use when optimum listening conditions are not assured.
II
REVIEW OF PREVIOUS RESEARCH
Difficulties in the auditory perception of an individual word often are related to faintness or indistinctness of the component speech sounds. Faintness and indistinctness, in turn, are associated with low intensities of the signal, the presence of masking noise, or high confusability between sounds. Regarding the vowels, studies by Sacia and Beck^; Black ,• Fairbanks, House, and Stevens , and Curry ; have been concerned with determining the range of relative intensities of the vowels in decibels. The results of these studies are not entirely consistsnt. For example, the study by Black correlates v/ith the study by Sacia and Beck with a rank order correlation of .47, while the study by Fairbanks, House, and Stevens correlates with the Curry study with a rank order correlation of .87. The latter work was additionally concerned with the threshold identification of the vowels, and Curry found that vowels having greater intensity were not always the most easily identified. He concluded that intensity was not the only ractor involved in vowel identification.
Siegenthaler,' in a study of sustained vowels at supra-threshold levels, reported that many of the sustained vowls tended to sound like CA] whenever the initiations and conclusions of the vowels were removed. Koch° stares that sustained vowels should not be . used in communication because such steady sounds tend to lose their identification. Moser, Dreher, and O'Neill' investigated the masking of English monosyllabic words by prolonged vowel sounds. Prolonged vowel sounds were found to differ greatly in masking speech; vowels with concentration of energy in the 700-1000 cps range were the most effective masking agents; a monosyllable containing tire same vowel as that employed as a masking agent was not more likely than others to be blotted out; monosyllables A number of sfudies have considered formant structure and position responsible for vowel identificafion. Tiffany'^ found a high correlation between formant position and threshold identification of vowels. Lehiste and Peterson'', in a,study of filtered vowels, found that only the first three formants were important, and that different vowels depended on different formants and the interaction of these formants for identification. Peterson collaborated with Bamey'2 on methods of vowel study to determine the relative intelligibility of the vowels. Lists contained 10 monosyllabic words each beginning with Eh] and ending v/ith Ld] and differing in the vowel. These were presented to listeners at a supra-liminal level of 70 db (re 0.0002 dyne/cm^). They report: "Certain of the vowels ( L il , [ 3O , L tsl, and CuJ ) are generally better understood than others, possibly because they represent limit positions of the articulatory rnechanisin." They also found that, when observers confused one vowel with another, the two vowels nearly always had adjacent positions on the vowel loop; i.e., FiJ was taken for LE] and it! wcs called either [ 1] or [ ^3] . Edmonson and Horwitz '" reported that vowel confusions are the result of the overlap of the first two formants, although for the most part vowels are recognized a high percentage of the time. Miller'^ used a 070-cycle low-pass filter to eliminate the second formant of 16 vowels and diphthongs presented in a consonantal L h -d3 context. Confusions showed very closely the pattern that would be predicted from formant analysis. Since the filter would not affect temporal characteristics. Miller offers as the simplest explanation of the discrepancies the deduction that duration is an important feature. He concludes that there are at least three distinctive features for simple vowels: duration, frequency of the first formant, end frequency of the second formant. Piclcett'^ studied the effects of various noise spectra on the intelligibility of vowels and found that all vowels are not affected in the-s::m3 way oy the same noise spectra. Significant shifts in vowel confusions occurred with changes in noise spectra, and these changes were consistent with the formant theory. The intelligibility of a sound under such conditions could be determined by its relative intensity or its characteristic phonetic nature .
III PURPOSES OF THIS STUDY
The purposes of this study were 'to determine: (1) the differences in intelligibility of isolated vowels and diphthongs at low intensities and relatively difficult signal-to-noise ratios; (2) the similarity of vowel and diphthong rank order intelligibility in quiet and noise; (3) the stability of vowel and diphthong rank order intelligibility as the intensity of the stimuli are successively increased; (4) the consistency, of vowel and diphthong rank order intelligibility among various speakers; (5) the similarity of intelligibility values of the vowels end diphthongs between male and female speakers; (6) the principal confusions between the vowels and diphthongs under conditions of quiet and noise; and (7) In addition, an orientation and training tape was prepared; this provided an opportunity for listeners to become familiar with the voices of the eight speakers and the stimuli to be identified. It also provided the materials for a listener training program, and the means of determining the average auditory detection threshold of the listeners.
Recording was done with a tape recorder (Ampex 6Ü0), using a condenser microphone (Altec 21-B) positioned at the corner of the mouth, lightly touching the cheek. The original recordings were played through a laboratory signal-to-noise equalizer and re-recorded. In this operation the word "write" of every carrier phrase was equated to within -1 db. However, the relationship of each stimulus to its introductory carrier phrase was maintained. For example, if the "write" was raised one or two db in intensity, the stimulus vowel was raised by the same amount. After all of the carrier phrases were equated, each was increased 10 db to ensure that the carrier words would be clear enough to prepare the listeners for the stimuli and enable them to write their responses in the appropriate spaces on the answer forms.
Speakers: Four males and four females of General American dialect were selected and trained as speakers. All were familiar v/ith phonetics and were experienced as laboratory talkers. Detailed Instructions were given to keep the carrier word and the stimulus as near to equal intensity as possible, and to make the stimuli equal in duration. Practice was given via speaking into a microphone connected to a tape recorder equipped with a VU (volume unit) meter. In this way, the speakers were able to monitor the level of the carrier word and to establish a more homogeneous pattern for use in the acutal recording, during which the VU meter was not used. Therefore , each speaker used his ov/n natural feedback mechanism to maintain his vowels at their own natural level rather than at a constant energy^level . It was assumed that, by keeping the vocal level constant, the inherent intelligibility of each vowel and diphthong would be maintained.
Listeners: Six research assistants, three male and three female, of the Psycholinguistics Laboratory at The Ohio State University served as listeners. All were trained listeners, had normal hearing, and had had at least one course in phonetics.
Dependent and independent Variables: In accordance with the purposes of'this study, two dependant variables (or properties) aFvoweis were ofginterest. These were intelligibility and confusability. Intelligibility was operationally defined as the percentage of correct identifications in the total number of choices made. Confusability was defined as the percentage of the total incorrect identifications in which a particular vowel or diphthong is substituted for the stimulus actually spoken; omissions were excluded from the computations.
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The purposes of the study additionally called for the systematic variation of several independent variables. These involved differences in stimuli presented (16vowels and diphthongs), differences in the intensity of stimulus presentation and differences in signal-to-noise ratios, differences in the sex of speakers, and differences in individuals as speakers.
The intertsity of the stimulus presentation in quiet was varied to produce five levels. The first level of presentation was 4 do above the average detection threshold of the listeners. At this level a number of the stimuli were below threshold. In the original recording the vowels and diphthongs were produced at a constant vocal level and recorded on this basis rather than adjusted to a constant peak energy level; therefore, some of the stimuli may have had more energy than others even to the point of being supra-threshold at the lowest level of presentation. The second level of presentation was 8 db above the average detection threshold, the third level, 12 db, the fourth level, 16 db, and the fifth level, 20 db.
A careful attempt was made to equate the conditions in noise with the conditions in the quiet with respect to listening comprehension. The rationale employed was that if the number of correct answers to the training tape at level one in noise was approximately the same as at level one in quiet, this approximation would continue for all pairs of levels. A level in noise was selected on the basis of the previous experience of the laboratory staff to yield the same number of correct answers as were given at the most difficult level in quiet. This chosen level was a -10 db signal-to-noise ratio in reference to the stimuli. Succeeding signal-to-noise ratios were -6, -2, f2, and 1-6 db in that order. When the data were tabulated (see Table 1 ), it was apparent that the percentages of correct responses in quiet and noise were quite satisfactorily equalized at each of the five levels of listening difficulty. This equating of difficulty can also be observed in Figure 1 .
The signal-to-noise ratios were obtained in the following manner: the output of a flat noise generator (Grason-Stadler, Model 455-B) was fed into the laboratory signal-to-noise equalizer'® to cause a certain deflection of the needle on the rnicroammeter. The noise was filtered in the laboratory equalizer by a low-pass filter cutting off at 4500 cps with a slope of -18 db per octave. The speech signals were also fed into the equalizer where they were adjusted by means of vertical row of five indicator lights. When the intensity of the signal was sufficient to cause the lower four lights to glow, the peak voltage of the signal was very closely approximated to the rms voltage of the noise. Since all the carrier words had been equated earlier, the speech and noise voltages were mixed through attenuators set for the desired signal-to-noise ratio. After the signal-to-noise ratio was set relative to the carrier words, the carrier-to-noise ratio was adjusted so as to be 10 db greater than the vowel-to-noise ratio. In this way, the carrier words would be clear enough to enable the listeners to locate the appropriate spaces on the answer forms. In the testing in noise, the noise was maintained at the same level and the signal was adjusted in intensity to produce the various signal-to-noise ratios.
Test Administration: Prior to the actual testing, the listeners were acquainted with the 16 different stimuli and the speaker voices they would hear, and practice sessions were conducted to produce stable scores with the training tape. This same tape was also used to determine the average auditory detection threshold of the listeners to the stimuli, in both ascending and descending manner. The range of the mean detection thresholds for the individual listeners was 2 db. Tests in the quiet were administered through a tape recorder (Ampex 600) to six sets of headphones (Telephonies TDH-39, mounted in MX-41/AR cushions). The output of the recorder was fed to an attenuator (Hewlett-Packard), then into a mixing transformer (UTC, Model CG-137), and finally into a listening circuit containing the six headphones. The accuracy of the attenuation response was checked with a vacuum-tube voltmeter (Hewlett-Packard, Model 400-D). Both the 10 db and the 1 db settings gave accurate attenuation settings. The same test list recorded by a speaker was used at each of the five levels in succession, beginning with the most difficult level until all five listening conditions had been completed. For example, the listeners heard one speaker reading a randomized list of 80 vowels with the level of the auditory stimuli set 4 db above the average detection threshold of the listeners. Answer sheets were immediately collected, the tape was rewound, and the listeners were given a short break to eliminate fatigue. Next, the level was set 8 db above detection threshold. Again, the papers were collected, the tape rewound, and this time the level was set at 12 db. The was repeated at the 16-db and the 20-db levels for a total of five levels. o Conditions for testing in noise were similar to those used for testing in quiet except that the tests were conducted in the Psycholinguistics Laboratory instead of the I.A.C. room. The ambient noise level in the laboratory during the testing was 42 db, this reading being taken from a sound-level meter (H.H. Scott, Model 410-B, C scale). It was assumed that the masking noise fed into the earphones was sufficient to mask the ambient noise in the room. When questioned, the subjects reported that the only sound they heard was that coming to them through the earphones. The administration of the test in noise was in other respects the same as the administration of the test in quiet, with the most difficult level being presented first and the next four levels becoming progressively easier.
In that "tha same test was used at each of five levels in succession," the question could be raised as to how much learning at one level was carried to the next. Two major factors reduce the likelihood that the list was learned sufficiently to affect significantly the intelligibility values at succeeding levels. First, each list contained 80 items, each item isolated and free of context or meaning. Second, each list was presented at the most difficult level initially and at successively easier levels. The listener would immediately discover at each successive level that the stimuli are clearer. In such a circumstance, it was reasoned that he would find it psychologically more economical to rely on listening to clearer stimuli rather than upon memory of those stimuli he had heard under less favorable conditions while remembering as well their positions in a series of 80 unrelated items.
IV ANALYSIS OF DATA AND RESULTS
The responses of the listeners were tabulated and analyzed in a variety of ways in order to yield answers to questions pertinent to the purposes of the study. This section of the report is organized in terms of these questions and the results relevant to each question.
. Do the vowels and diphthongs differ significantly in intelligibility?
Listener responses to the vowel and diphthong stimuli were tabulated separately for each speaker in each condition. The data on the male and female speakers, respectively, were combined and are presented in Table I . Each stimulus (vowel or diphthong) elicited a total of 2400 responses; eight speakers presented each vowel or diphthong five times under ten conditions to six trained listeners. The number and percentage of correct identifications of each stimulus were tabulated and are presented in Table II .
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Ha>0"000 - The h/pothesis of no difference between the frequencies of correct identification was tested by means of a Chi Squared One Sample Test. This yielded a value of 1327 with 15 degrees of freedom; a value of 37.70 is needed for .001 significance. It can be concluded that the intelligibility of the vowels and diphthongs, measured by per cent correct identification, are very significantly different.
Additionally, the data were analyzed to determine which of any two vowels or diphthongs is significantly more intelligible under a variety of conditions. Previously described, these varied conditions involved noise or quiet, differing signal-to-noise ratios or signal intensities, and sex differences in speakers. There were 20 possible variations or combinations of these conditions; listeners heard a male or female speaker, in noise or quiet, at each of five levels. Thus, for each vowel or diphthong there were 20 intelligibility values obtained under these differing conditions.
For any given pair of stimuli (vowel or diphthong) there were 20 related pairs of intelligibility values. For example, I a] and C o] had 58 and 45 correct identifications when heard at level 1 in quiet from male speakers (see Table l ). The set of 20 such related values was tabulated for each possible paifof stimuli; there were 120 such sets of related values. Wilcoxin's Test for Matched Pairs, for each pair of vowels or diphthongs, was computed. The resultant 120 T values, along with their significances, are presented in Table III. As previously confirmed, the vowels and diphthongs, as a group of stimuli, are significantly different in intelligibility. Secondly, this significant difference is not the result of one or two quite unintelligible vowels among a majority of vowels about equally intelligible. Rather, there are significant differences between most pairs of vowels or diphthongs. This implies that there is a fairly stable order of intelligibility of the vowels and diphthongs.
®
Is the rank order of vowel and diphthong intelligibility similar in quiet and in noise?
The fact that vowels and diphthongs differ in intelligibility having been determined, data were analyzed to determine if the rank order of intelligibility was similar in noise and in quiet at each of the levels previously described. Essentially, do the correlations between noise and quiet rankings increase or decrease as the stimulus becomes clearer? The intelligibilities of the vowels and diphthongs in noise and quiet were ranked for each stimulus level and rho coefficients were computed. For levels 1 through 5 consecutively, the obtained values were: .90, .93, .93, .72, and .71 . Two observations can be made from these findings. First, the rank orders of voweldiphthong intelligibility in quiet and in noise are significantly related. Second, it appears that as the stimuli (vowel and diphthong) increase in clarity, the relationship between rank orders declines. The significances of the differences between these correlation coefficients do not reach the .05 level but do approach it.
3. Does the relative intelligibility of the vowels and diphthongs remain the same as the intensity of the stimuli are successively increased?
The stability of the rank order of vowel-diphthong intelligibility was investigated between the five levels involving successive increases in signal-to-noise ratios or signal intensity. As the clarity of the stimulus increases, the vowels end diphthongs, of course, become more intelligible. However, it is of interest to know if the rate of increase in intelligibility is similar. Do some vowels or diphthongs increase in intelligibility at a more rapid rate than others? The means of answering this question was to compute correlation coefficients between the various levels of stimulus presentation. If the rate of increase in intelligibility was similar for these vowels and diphthongs, the correlations between the levels should be uniformly high.
The data in quiet and in noise^vere combined; previous results revealed that the rank orders in quiet and in noise were quite similar. The numbers of correct identifications of the vowels and diphthongs for each level were correlated with every other level . Rho coefficients were obtained and are presented in Table IV. , -Several observations can be made from an examination of Table IV . First, the intelligibilties of the vowels and diphthongs do not improve at a uniform rate as the. listening conditions become easier. Some stimuli, for example the diphthong [ oil (see Table I ), are found to have substantially improved relative intelligibility as listening becomes easier, while others such as L DJ bcome relatively less intelligible. (Decreases in the relative intelligibility of certain sl-imuli must accompany increases for other items; however, this does not imply that the oer-® centage of correct identifications of any stimulus actually decreases under improved listening conditions.) Second, the greatest relationship between orders of vowel-diphthong intelligibility is found among adjacent levels of stimulus clarity. The further removed the levels, the less the relationship. These two observations suggest the conclusion that, in quiet, noise, or quiet and noise combined, the order of vowel-diphthong intelligibility at one level of listening difficulty would not be a good predictor of the order at a very different level of listening difficulty.
• The data were analyzed with respect to speaker effect on the ralaiive intelligibility of vowels and diphthongs. Are there differences in the rank order of vowel-diphthong intelligibility as spoken by different speakers? Eight speakers were used to present the stimuli; the rank order of intelligibility was determined for each speaker in quiet and in noise. An average intercorrelation of ranks was computed for the eight rankings in quiet; a similar computation was made '' for rankings in noise. The obtained average correlations were .49 and .46 respectively, which are significant at the .01 level. These values expose significant relationship among different speakers with respect to the order of vowel-diphthong intelligibility.
5, Do male and female speakers : produce similar intelligibility values for the vowels and f diphthongs?
The speakers included four males and four females. This permitted a study of the effects i of sex on vowel-diphthong intelligibility. Coordinate with the previous procedure, the intelligibility values of the male and female speakers v/ere ranked and analyzed separately. The average intercorrelations of the rankings of the male speakers were .62 in quiet and .42 in noise. For female speakers, the corresponding values were .64 and .61 . These generally larger values for males and females separately, when compared with the combined values of .49 and .46, shown * above, suggest that speakers of the same sex produce the vowels and diphthongs more alike with t with respect to intelligibility than speakers of difforant sexes.
Additional differences were found between male and female speakers, Male speakers appear to be more intelligible in vowel end diphthong production, and particularly more intelligble in noise. The intelligibility values of the male and female speakers were summed separately for each level of stimulus presentation; this was done for quiet; for noise, and for these conditions combined. For each of these conditions, the male and female speakers provided two values for each of the 16 vowels and diphthongs. The Wilcoxin Test for Matched Pairs was computed for each of these sets of paired values. The results are presented in Table V,   TABLE V In all the conditions of presentation, the male speakers had, in varying amounts, superior intelligibility. However, it is only under conditions of noise accoi.panying the stimulus that the male speakers are consistently and significantly more intelligible. These findings do not appear to be due to differences in quality or to differences in loudness between male and female speakers. The methodology of the study included (1) an attempt to equate the male and female speakers for quality, and (2) an actual equating of all voices for loudness. Therefore, it appears that males more intelligibly communicate vowels and diphthongs than do females. The relative superiority of the male speakers in noise is even more strongly supported by the data.
Finally, it was noted (see Table 1 ) that as a group male speakers are more intelligible in noise than in quiet, and female speakers are more intelligible in quiet than in noise. Though the conditions of quiet and noise v/ere equated for difficulty for all speakers combined at each of five levels, male speakers are consistently superior in noise in comparison with quiet; female speakers are consistently superior in quiet in comparison with noise. These superiorities are significant at the .01 confidence level . Given a choice betv/een speech transmissions through noise or an equally difficult condition of low signal intensity, the male voice probably will be more intelligible with the former and the female voice will be more intelligible with the latter condition. This difference of conditions which favor the male and female voice may be restricted to low-frequency stimuli such as vowels.
6. What are the principal confusions among the vowels and diphthongs under conditions of quiet and noise?
®
The substitutions of other vowels or diphthongs for the stimulus presented were Tabulated for each of the 16 vowels and diphthongs. The tabulations for the conditions of quiet and noise ■ were made separately. These are presented in Table VI. The determination of principal confusions was handled by first hypothesizing that substitutions of one vowel for another could reasonably be explained as guessing behavior, if this null hypothesis can be rejected, then other explanations would need to be postulated. The most likely of these explanations was that two given vowels truly are confused.
If nothing but guessing behavior is assumed, then each of 15 errors for a particular stimulus is equally probable. Thus, of the total number ot errors made for a given stimulus, each type of error should occur 6.67 per cent of the time except for sampling fluctuations. For example, there were 258 errors made for the vowel Le] presented in quiet (see Table VI ), Each of the 15 types of errors should occur as a pure guess 17.2 times, or 6.67 per cent of 258, except for deviations due to sampling.
The standard error of this expected 6.67 per cent for each type of error was computed. From this value, the .01 limits of the percentages one might obtain in samples, sizes of 258 were found. The upper limit, at the .01 level, was 10.67 per cent. Expressed as a number of errors, this would be 27.5. Error frequencies for the vowel [ £ 3 in quiet which exceed 27.5 cannot be explained adequately as guessing behavior. In this case, the vowels Ci ] , [D3,and[Ee] show significant departures from expected frequencies; that is, they are significant confusions for [£ 3 .
The asterisks in Table VI indicate that there is at least one significant departure from the expected frequency of error (or confusion) for every stimulus presented to listeners. A total of 99 such significant error frequencies were found, indicating that guessing and sampling are not adequate explanations of these high frequencies. This led to the conclusion that a number of vowels and diphthongs are truly confused with each other.
Finally, it needs to be noted that the design of this study and the analysis described above provide an identification of the principal confusions, though not necessarily all confusions. This occurs because each potential confusion is not independent of the others. For example, in the last row of Table VI, the vowels Li 3 and Cu 3 are the principal confusions for Liu3 . These two confusions account for 549 of a total of 702 errors. The remaining 153 errors are distributed over the other 13 possible substitution errors. Any of these 13 possible errors would need to occur more than 63 times to be classified as a confusion. Thus, the principal confusions tend to mask other potential confusions; if the principal confusions were removed, others might well be exposed.
Do related pairs of errors produce similar confuscibility values?
When errors for vowels and diphthongs are examined, it can be noted that each error is one of a pair. For example, the vowel Co] can be an error for t E 3 , and L e 3 can be an error for t a3
Analysis of the data (Table VI) Additional information was gained on the nature of vowel confusions by plotting each vowel at the intersection of the first two formants using the data obtained by Peterson and Barney.'^ The diphthongs, identified by broken lines to represent movement from one vowel position to another, were drawn somewhat out of position to permit the construction of confusion vectors. The intelligibility, the prinicpal confusions (A, B, G,), and the totals were then entered, resulting in Figure 2 and Figure 3 .
The confusions observed in both quiet and noise follow the predominantly horizontal pattern that would be prc*jicted from formant analysis, and are strikingly similar to the results Pickett found with vowels in flat and high-frequency noises and to the results of Miller's study'^ in which a low-pass filter was used to deliberately remove the higher frequencies. In both of the latter studies the vowels were presented in a consonantal context. "The simplest explanation of these discrepancies is that hid, hood, head, and hud contained short vowels, whereas heed, who'd, had, hod, and hawed contain long vowels." While there are several differences between the study by Miller cmd the present study, one difference 14 zaoo^Moaiooagoo igoo '«no 1700 1600 isoo i4oo 1300 1200 noo 1000 900 BOO is that the vowels in the present study were sustained and therefore had similar temporal characteristics. The point of interest is that, in the present study, the confusions were found which Miller reported should have occurred, and these can be observed in Figure 2 and Figure 3 .
V CONCLUSIONS
The data obtained relative to the principal questions raised in this study provide the bases for a series of conclusions; these are summarized below in the sequence of those questions listed in Section Mi.
* . and tlul .
2. The order of vowel and diphthong intelligibility under conditions of quiet and noise is highly related. The relationship Is highest at the lowest levels of signal clarity. 3 a. As signal clarity improves, some vowels and diphthongs Increase in Intelligibility at a more rapid rate than others. Similarly, the converse is probably true; some vowels and diphthongs decrease in intelligibility more rapidly than others as the signal clarity declines. Therefore, the order of vowel-diphthong Intelligibility at one level of listening difficulty would not be a good predictor of the order under a very different level of listening difficulty, b. Conclusions (2) and (3a) suggest that changes in level of signal clarity affect the order of vov/el and diphthong intelligibility more than change from quiet to noise or noise to quiet.
4.
The rank orders of vowel-diphthong Intelligibility among different speakers under similar conditions are significantly related, though not sufficiently for accurate prediction. Average correlations for quiet and noise conditions were .49 and .46. 5 a. Speakers of the same sex are more likely to have similar orders of vowel-diphthong intelligibility than speakers of different sexes. b. Differences between male and female speakers In vowel-diphthong Intelligibility was greater in noise than in quiet; the male speakers were superior In both conditions. c. Female speakers were significantly more Intelligible in quiet than in noise; male speakers were significantly more Intelligible In noise than In quiet. 6 a. For each of the 16 vowels and diphthongs, at least one of the 15 other vowels or diphthongs is a significant confusion. b. Approximately ^10 per cent of all possible confusions, in this closed matrix of vowels and diphthongs, were found to be significant confusions. If these principal confusions » are masking others, the number would still be greater. c. 
